Eye formation is regulated by a complex network of eye field transcription factors (EFTFs), including LIM-homeodomain gene LHX2. We disrupted LHX2 function at different stages during this process using a conditional knock-out strategy in mice. We find that LHX2 function is required in an ongoing fashion to maintain optic identity across multiple stages, from the formation of the optic vesicle to the differentiation of the neuroretina. At each stage, loss of Lhx2 led to upregulation of a set of molecular markers that are normally expressed in the thalamic eminence and in the anterodorsal hypothalamus in a portion of the optic vesicle or retina. Furthermore, the longer LHX2 function was maintained, the further optic morphogenesis progressed. Early loss of function caused profound mispatterning of the entire telencephalic-optic-hypothalamic field, such that the optic vesicle became mispositioned and appeared to arise from the diencephalictelencephalic boundary. At subsequent stages, loss of Lhx2 did not affect optic vesicle position but caused arrest of optic cup formation. If Lhx2 was selectively disrupted in the neuroretina from E11.5, the neuroretina showed gross dysmorphology along with aberrant expression of markers specific to the thalamic eminence and anterodorsal hypothalamus. Our findings indicate a continual requirement for LHX2 throughout the early stages of optic development, not only to maintain optic identity by suppressing alternative fates but also to mediate multiple steps of optic morphogenesis. These findings provide new insight into the anophthalmic phenotype of the Lhx2 mutant and reveal novel roles for this transcription factor in eye development.
Introduction
The vertebrate eye is an elegant structure arising from the neuroepithelium of the anterior neural plate as a result of a series of highly coordinated patterning events. The process starts with the specification of the eye field, demarcating a territory between what would form the telencephalic and hypothalamic neuroepithelium (Inoue et al., 2000; Wilson and Houart, 2004; Esteve and Bovolenta, 2006) , involving regulatory molecules that are referred to as the eye field transcription factors (EFTFs), namely, Rax, Pax6, Lhx2, Six3, Six6, ET/Tbx3, and tll/ Nr2e1 (Chow and Lang, 2001; Wilson and Houart, 2004) . Symmetrical bilateral evaginations called optic sulci arise by embryonic day 8.5 (E8.5) and progress to form the optic vesicles by E9.5 (Theiler, 1972) . In a coordinated cascade of molecular and cellular events that follows, the optic vesicle differentiates to an optic cup with a neuroretina that is regionally patterned (Chow and Lang, 2001; Martínez-Morales et al., 2004) . Disruptions in these early developmental stages lead to anomalies, including anophthalmia, micropthalmia, and retinal dysplasia (Graw, 2003; Fitzpatrick and van Heyningen, 2005) LIM-HD gene Lhx2 is expressed from the earliest stages of optic development and is a critical EFTF. Cocktails of EFTFs without LHX2 that could produce ectopic eyes in Xenopus always induced endogenous Lhx2 expression in those ectopic eye fields (Zuber et al., 2003) . Absence of Lhx2 in mice causes anophthalmia; the optic vesicles begin to extend toward the ectoderm but arrest thereafter without forming optic cups (Porter et al., 1997) . Expression of important EFTFs, namely, Rax, Pax6, and Six3, at the anterior neural plate stage was found to be reduced in the Lhx2 mutant, indicating requirement of LHX2 in the earliest stage of optic development (Tetreault et al., 2009) . Yun et al. (2009) highlighted a later role for LHX2, in the transition of the optic vesicle to the optic cup. Using explant culture techniques to test differentiation in control and mutant optic vesicles, Yun et al. (2009) proposed that LHX2 integrates extrinsic cues, such as BMPs with intrinsic transcription factors, serving an important role in the regulatory network for optic morphogenesis and retinal differentiation.
We examined the temporal requirement for LHX2 in optic development using a conditional knock-out strategy in mice. We find an ongoing role for LHX2 in the progressive morphogenesis of the developing eye, including patterning of the neuroretina. Furthermore, we find that LHX2 is required to maintain optic identity by continuously suppressing alternative fates corresponding to the thalamic eminence and anterodorsal hypothalamus. Our results reveal unexpected complexity in the role of LHX2 in regulating eye development.
Materials and Methods
Mice and sample preparation. Chx10-Cre mice were a gift from C. Cepko. Pregnant dams were obtained from the Tata Institute animal breeding facility. Early age embryos were staged by somite number (ss). For in situ hybridization, the embryos were harvested in PBS, the embryos fixed in 4% PFA, equilibrated in 30% sucrose made in 4% PFA, and sectioned at 30 m on a freezing microtome. Fifty Lhx2 mutant embryos were examined, and there was 100% penetrance in the phenotype (i.e., the presence of the mutant vesicle at the diencephalic-telencephalic boundary [DTB] ).
Histochemical procedures. In situ hybridization was performed as described previously (Bulchand et al., 2003) . Briefly, the hybridization was performed overnight at 70°C in 4ϫ SSC, 50% formamide, and 10% SDS. Posthybridization washes were at 70°C in 2ϫ SSC and 50% formamide. These were followed by washes in 2ϫ SSC, 0.2 SSC, and then Tris-buffered saline-1% Tween 20. Anti-digoxigenin Fab fragments (Roche) were used at 1:5000 in Tris-buffered saline-1% Tween 20, and the color reaction using NBT/BCIP (Roche) was performed according to the manufacturer's instructions.
Administration of tamoxifen. Tamoxifen (Sigma) dissolved in corn oil (10 mg/ml) was administered by gavage to pregnant Lhx2 floxed (Lhx2 conditional knock-out, Lhx2 lox/lox ) females that had been mated with CreER;Lhx2 ϩ/Ϫ males. Control (CreER;Lhx2
) and conditional Lhx2 mutant (CreER;Lhx2 lox/Ϫ ) littermates were then analyzed for eye development.
Microarray. Microarray analysis was performed in duplicate essentially as previously described (de Melo et al., 2011) , using retinae dissected from E13.5 control (Lhx2 
Results
The Lhx2 mutant displays an abnormal vesicle at the DTB In coronal sections at E12.5, Lhx2 mutant brains display a curious vesicle-like protrusion arising at the DTB, between the caudal ganglionic eminence (CGE) and the hypothalamus, which is not seen in normal brains (Fig. 1) . This vesicle expresses multiple EFTFs and other transcription factors known to be expressed in the developing eye, including Rax, Six3, Pax6, Mab21l2, and Otx2 ( Fig. 1A-E) (Hill et al., 1991; Acampora et al., 1995; Grindley et al., 1995; Matsuo et al., 1995; Oliver et al., 1995; Furukawa et al., 1997a; Mathers et al., 1997; Yamada et al., 2004) . It also expresses Fgf17 and Wnt8b, which are normally seen limited to the optic stalk (Fig. 1 F, G) (Lako et al., 1998; Adler and Canto-Soler, 2007) . Horizontal sections reveal the Wnt8b-expressing vesicle contiguous with the neuroepithelium at the junction of the telencephalon and diencephalon (Fig. 1) . This is the only Raxpositive vesicle seen at all stages examined. Whole-mount in situ hybridization at E10.5 and E9.25 reveals a single Rax-expressing vesicle in control and mutant brains. At E8.25, a reduced territory of Rax expression is seen in the neural plate, consistent with earlier reports (Fig. 1) (Tetreault et al., 2009; Yun et al., 2009 ).
Temporal analysis of LHX2 function in the developing optic vesicle
We hypothesized that LHX2 may be required to position the optic sulcus itself, a process that is complete by E8.5 when the sulcus is apparent in control brains (Theiler, 1972) . We tested the requirement of LHX2 in this process with a conditional knock-out strategy using a floxed Lhx2 mouse line (Mangale et al., 2008) crossed with the ubiquitously expressing tamoxifeninducible CreER line. Tamoxifen administration at E8.25 recapit- ulated the Lhx2 null mutant phenotype of vesicles arising at the DTB as seen at E11.5 (T8.25 3 E11.5). A probe specific to the Lhx2 floxed exon (2,3) reveals normal expression in control embryos but demonstrates that floxing appears complete across the entire forebrain in conditional mutant littermates. The mislocalized conditional mutant vesicle expresses EFTFs Six3 and Mab21l2 ( Fig. 2 ) and appears to be very similar to the null mutant. This supports the interpretation that the sulcus is likely to be positioned normally at early stages, but its relative position becomes altered by LHX2-dependent morphogenesis occurring in the telencephalon and hypothalamus after E8.25. To clarify this further, we administered tamoxifen at E8.75, when optic development is well underway, and examined these embryos at E12 (T8.75 3 E12). This produced a curious intermediate phenotype of vesicles that were neither normally positioned nor as grossly mispositioned as in the standard knock-out or in T8.25 embryos (Fig. 2) . That the position of the vesicle appears partially shifted by Lhx2 deletion when optic development is well underway strongly supports the interpretation that its apparent mislocalization may be the result of disrupted morphogenesis of structures that surround the optic sulcus. Supporting this interpretation, the mispositioning becomes apparent only when the development of these surrounding structures has progressed sufficiently, which may explain why it was not detected in earlier studies that did not examine stages beyond E10. 
2J-M ).
Lhx2 standard knock-out embryos examined at E9.25 display an optic vesicle that is reduced in size compared with T8.25 embryos, but the relative positions of the Rax expressing domain in the optic vesicle Six6 in the hypothalamus and Emx2 in the telencephalon is similar to that in control embryos ( Fig. 2N-Q) .
Although deletion of Lhx2 at E8.75 permitted partial rescue of the morphogenesis, it was striking that the vesicle still seemed to have arrested in its development compared with control embryos, in that it did not progress to the optic cup stage (Fig. 2 ). Therefore, we tested whether a further delay in floxing would reveal a new role for LHX2. Administering tamoxifen at E9.25 and examination at E12 (T9.25 3 E12) revealed that optic development had indeed progressed further, with the formation of partial optic cups, pigmented epithelium, as well as lateappearing markers Six6 and Mitf that the standard knock-out vesicle failed to express (Fig. 3) .
Lhx2 is prominently expressed in mouse retinal progenitors into the postnatal period Trimarchi et al., 2008; de Melo et al., 2012) , although its role in controlling later stages of retinal differentiation is unknown. We examined this by using a Chx10-Cre transgenic line that expresses specifically in neuroretinal progenitors beginning at E11.5 (Rowan and Cepko, 2004) . Retinae of Chx10-Cre;Lhx2 lox/lox embryos were substantially smaller but displayed markers of retinal progenitors Rorb and Rax, as well as markers of early photoreceptors Crx and Prdm1, detectable at both E13.5 and P0 (Fig. 3) Furukawa et al., 1997a,b; Mathers et al., 1997; Andre et al., 1998; Chow et al., 1998; Chang et al., 2002) . However, the retinae displayed gross disorganization and rosetting by E13.5, which was even more pronounced by P0. Together, the results reveal that LHX2 is required in an ongoing manner for the progressive morphogenesis and differentiation of the optic vesicle, and subsequently of the retina as well.
Microarray analysis of Lhx2 conditional mutant retinae
To comprehensively analyze changes in gene expression resulting from the selective loss of Lhx2 in neuroretina, we conducted microarray analysis in E13.5 retinae taken from Chx10-Cre;Lhx2 lox/lox mice and control Lhx2 lox/lox littermates (Table 1) . We observed that mutant retinae showed substantially reduced expression of a range of genes selectively expressed in retinal progenitors, including Chx10 and Foxn4 (Table 1) (Liu et al., 1994; Gouge et al., 2001 ). Other retinal progenitor-enriched genes, such as Rax, and Rorb, and early photoreceptor markers Prdm1 and Crx showed reduced expression but were readily detectable by in situ hybridization ( Fig. 3; Table 1) . Surprisingly, we also found a dramatic upregulation of genes selectively expressed in the thalamic eminence and anterodorsal hypothalamus, such as Lhx1, Lhx5, Tbr1, Sim1, and Otp in the Lhx2 conditional mutant neuroretina microarray (Table 1) (Fan et al., 1996; Acampora et al., 1999; Shimogori et al., 2010; Roy et al., 2013) .
We examined these markers to analyze the patterning of the mutant optic vesicle and surrounding structures, the thalamic eminence, and anterodorsal hypothalamus.
LHX2 suppresses alternate fates in the optic vesicle/retina
To study the patterning of structures surrounding the Lhx2 mutant vesicle, we examined the expression of markers that identify specific regions of the hypothalamus, diencephalon and telencephalon. In a recent study, we reported the thalamic eminence to be grossly expanded and the caudal ganglionic eminence to be mispatterned and shrunken in the Lhx2 standard knock-out ( Fig. 4B-E) (Roy et al., 2013) . The mutant vesicle is physically contiguous with the thalamic eminence (best seen in Fig. 4E ). Consistent with this location, we found the mutant vesicle to express markers that are also seen in the thalamic eminence. Of these, AP2␣ is specific to the thalamic eminence and not normally seen in the developing optic cup or elsewhere in the forebrain (Fig. 4A) . The aberrant expression of AP2␣ in the mutant vesicle, together with other genes normally seen in the thalamic eminence but not in the optic cup, such as Lhx1, Lhx5, Lhx9, and Tbr1, indicate that some regions of the mutant vesicle have acquired a thalamic eminence-like identity (Fig. 4B-E) . Surprisingly, the mutant vesicle also expressed markers specific to the anterodorsal hypothalamus, such as Sim1 and Otp (Fig. 4F,G) . Furthermore, these markers revealed a profound mispatterning of the hypothalamus, with their expression appearing in a greatly expanded and shifted domain that entered into the caudal ganglionic eminence.
Mab21l2 and Zic2, which are normally seen in most of the anterior hypothalamus, the thalamic eminence, and in the normal eye, are also expressed in the mutant vesicle. The Lhx2 mutant anterior hypothalamus appeared mispatterned, however, in that it failed to express Mab21l2 and Zic2. Furthermore, it displayed very limited expression domains of the anteroventral hypothalamic marker Vax1 and intrahypothalamic diagonal markers Lhx1 and Arx compared with their expression in controls (Fig. 4H-L) (Shimogori et al., 2010) . In contrast, the posteroventral hypothalamus appears to display similar patterns of Shh and Nkx2.1 expression in mutant and control brains (Fig. 4M,N) .
In summary, the Lhx2 null mutant vesicle appears to display a mixed identity, displaying molecular signatures corresponding to optic, thalamic eminence, and anterodorsal hypothalamic regions. These findings are summarized in a Venn diagram (Fig.  4O) . It is possible that some of these genes may actually mediate some of the patterning disruption seen in the Lhx2 mutant telencephalic-optic-hypothalamic field. To test this idea, we examined T8.75 3 E12 and T9.25 3 E12 conditional Lhx2 mutants (Fig. 5) . Surprisingly, in each case, robust expression of Lhx5, Otp, and Sim1 was seen in the mutant optic vesicle/optic cup, demonstrating that the requirement of LHX2 for suppressing alternate tissue fates in the developing eye continues even after the optic vesicle-to-optic cup transition has occurred (Fig. 5) . These results support the interpretation that LHX2 functions to suppress alternative regional fates in the optic vesicle independent of any other roles it plays in patterning the structures surrounding the optic vesicle.
Distinct territories in the Lhx2 mutant vesicle/retina
Upon close examination of the aberrant Sim1 and Otp expression in the partial optic cups seen in adjacent sections of T9.25 3 E12 brains (Fig. 5JЈ,LЈ) , it appeared that the expression domains of these genes overlap well. We therefore examined whether the "mixed identity" observed in the Lhx2 mutant optic vesicle/optic cup displays regionalization (i.e., whether there are distinct territories corresponding optic and non-optic fates). Chx10-Cre; Lhx2 conditional mutant retinae analyzed at E13.5 displayed clearly nonoverlapping expression of optic marker Rax compared in adjacent sections with Otp or Lhx5 expression (Fig. 6 ). This exclusion was maintained even in the highly dysmorphic conditional mutant retina at P0. The Lhx2 standard knock-out vesicle also displayed distinct "optic" and "non-optic" domains corresponding to Rax and Tbr1/Otp expression (Fig. 6) .
The Lhx2 and Pax6 mutants produce distinct optic vesicle phenotypes PAX6 is another crucial EFTF implicated in the transition of optic vesicle to optic cup. The Pax6 mutant is anophthalmic because optic development arrests at the optic vesicle stage (Hogan et al., 1986; Hill et al., 1991; Grindley et al., 1995) . LHX2 and PAX6 have been demonstrated to interact in vitro and in retinal neurospheres to transactivate another EFTF, Six6 (Tetreault et al., 2009) . We therefore examined whether the Pax6 mutant vesicles also display a mixed molecular identity. EFTFs Rax, Six3, Mab21l2, and Six6 are each expressed in the Pax6 mutant optic vesicle consistent with the extensive body of literature that has examined this mutant (Fig. 7A-D) . (Hogan et al., 1986; Hill et al., 1991; Grindley et al., 1995; Bernier et al., 2001; Philips et al., 2005) . Analysis with thalamic eminence markers AP2␣, Lhx5, Lhx9, and Tbr1, showed that the Pax6 mutant vesicle does not exhibit a mixed identity (Fig. 7E-H ) . Therefore, although the Lhx2 and Pax6 mutant phenotypes appear similar in that both display arrested vesicles, the phenotypes differ significantly from each other. This indicates a unique role for LHX2 in the ongoing maintenance of optic identity.
Discussion

Mixed identity and apparent mislocalization of the Lhx2 mutant optic vesicle
In the literature, right from the first description of the anophthalmic Lhx2 mutant phenotype (Porter et al., 1997) , studies have focused on what we have found to be an apparently mislocalized vesicle of mixed identity. This raises the question of why these features were not noticed earlier. One possibility is that the optic sulcus may indeed be positioned normally, but the patterning of surrounding structures and their morphogenesis may be dependent on LHX2; this produces an apparent displacement of the optic sulcus in the Lhx2 mutant. Consistent with this possibility, we find that the mislocalization is obvious only by E11.5 and is not noticeable earlier. Furthermore, we recently reported a profound mispatterning of some structures adjacent to the vesicle, the thalamic eminence and CGE in the Lhx2 mutant (Roy et al., 2013) . We found the thalamic eminence to be enormously expanded in the absence of LHX2, and the CGE to be shrunken, no longer expressing appropriate markers (Roy et al., 2013) , but indeed expressing genes normally seen in the anterodorsal hypothalamus Sim1 and Otp (the current study). Finally, the fact that the vesicle appears mislocalized when Lhx2 is deleted from E8.25, when the optic sulcus has already begun to form, further suggests that the apparent mispositioning of the mutant vesicle may be the result of disrupted morphogenesis of the surrounding structures. Despite the severe mispatterning of these structures, we find other major forebrain regions, including the lateral and medial ganglionic eminences in the ventral telencephalon, thalamus, prethalamus, zona limitans intrathalamica, and ventral hypothalamus to be normally patterned (Bulchand et al., 2001; Lakhina et al., 2007; Roy et al., 2013) (Fig. 4) , indicating a region-specific role for LHX2 rather than a general role in forebrain morphogenesis.
Nevertheless, LHX2 plays a crucial role in the specification of optic identity in the vesicle itself. Optic markers are seen only in restricted portions of the null/conditionally mutant vesicle or retina. Other regions of the mutant vesicle/retina upregulate markers that are normally expressed in the thalamic eminence and anterodorsal hypothalamus. This indicates that LHX2 function is required to continuously suppress these alternate fates. A significant contrast is seen in the Pax6 mutant, which also displays an arrested vesicle, but is normally positioned and does not display aberrant marker expression. This underscores a unique role for LHX2 in the maintenance of optic identity by suppressing alternate fates.
Ongoing role of LHX2 in optic development
We demonstrate that the degree of progress in optic development is critically dependent on the stage at which Lhx2 was lost (schematized in Fig. 8 ). If LHX2 function is retained up to E8.75, the mispositioning of the mutant vesicles is partially rescued, but they do not progress past the vesicle stage or express lateappearing optic markers. However, if LHX2 function is retained up to E9.25, there is progression to partial optic cups with retinal pigment formation as well as expression of late-appearing optic markers, although these embryos fail to develop properly organized retinae. Loss of Lhx2 from E11.5 onwards, in the developing neuroretina, likewise results in a dysmorphic structure that nonetheless progresses to expressing early photoreceptor markers. Nevertheless, Lhx2 mutant vesicles/partial optic cups also express genes characteristic of both retina and thalamic eminence/anterodorsal hypothalamus. Together, these findings imply that LHX2 continues to act to prevent transdifferentiation of optic structures long after the eye field and adjacent domains have parted ways.
Collectively, our results offer a unique insight into the mechanisms controlling cell fate as something that must be continuously maintained by suppressing alternative identities. This insight may well apply more broadly to other systems. 
Patterning and compartmentalization of the embryonic forebrain
Previous studies have demonstrated that LHX2 is a "cortical selector," in the absence of which alternative non-cortical tissue fates expand at the expense of the cortex. The cortex is normally flanked on its medial side by the hem, on its lateral side by the antihem, and rostrally by the septum. In the Lhx2 standard knock-out, the medial cortical primordium instead takes on the fate of the hem, and the lateral cortical primordium takes on the fate of the antihem, and the rostral cortical primordium takes on the fate of the septum (Bulchand et al., 2001; Mangale et al., 2008; Roy et al., 2013) . LHX2 thus plays a fundamental role in suppressing these alternate, noncortical identities so that the cortical primordium may exist.
In this study, we identify what appears to be a beautiful parallel in the optic system: a role for LHX2 in maintaining optic identity, in the absence of which markers corresponding to alternative non-optic fates are seen in the optic vesicle/neuroretina. This interpretation may also provide insight into how the embryonic forebrain is compartmentalized. According to widely accepted current models of forebrain patterning, the eye field has been proposed to mark the anterior pole of the developing neuraxis , with the thalamic eminence and anterodorsal hypothalamus arising from separate and distinct prosomeric domains, each separated from the eye field by the anteroventral hypothalamus. However, the presence of markers corresponding to these two regional identities within the Lhx2 mutant optic vesicle suggests a contiguous optichypothalamic-thalamic eminence domain, a finding not easily explicable by standard models of forebrain development. Our results also raise the speculation that there may be progenitors committed to distinct non-optic fates within the anterior neural plate, in which LHX2 function suppresses these identities so that the specification of optic identity occurs normally. Future studies will focus on these questions. Loss of Lhx2 disrupts patterning of the optic vesicle, the thalamic eminence, and the anterior hypothalamus. A-E, AP2␣, Lhx1, Lhx5, Lhx9, and Tbr1 are expressed in the control and Lhx2 standard knock-out thalamic eminence (white asterisk) and also in the mutantvesicle(arrowhead),butnotinthecontrolneuroretina(openarrows;darkretinalpigmentepitheliumseeninsomecontrolsections should not be confused with marker expression). F, G, Serial coronal sections of control embryos reveal Sim1 and Otp expression in the anterodorsalhypothalamus(notchedarrowhead)butnotintheneuroretina(openarrow).InLhx2mutantbrains,Sim1andOtpexpression domain is aberrantly expanded into the CGE (open arrowhead) and also in the mutant vesicle (arrowhead). Sim1 in the normal location of anterodorsalhypothalamusappearstobemissingintheLhx2mutant(F,blackasterisk).H-L,Mab21l2,Zic2,andLhx1expressionisseenin thethalamiceminenceofcontrolandLhx2mutantbrainsandalsoappearsintheLhx2mutantvesicle(H-J,arrowheads).Mab21l2andZic2 expression is seen in the control anterior hypothalamus (white asterisk) but is not detectable in the Lhx2 mutant (H,I, black asterisk). Lhx1, Vax1, whiteasterisk) ,adjacenttotheoptic stalkofcontrolbrains,butisinaveryreducedandaberrantlylocateddomaininthemutant(J-L,openarrowhead).However,someaspects ofregionalpatterningarepreservedintheabsenceofLHX2.BothcontrolandLhx2mutantbrainsshowapparentlynormalexpressionofZic2 in the thalamus (I) and Arx expression in the prethalamus of the Lhx2 mutant (L, arrow). Shh and Nkx2.1 expression also appears to mark similardomainsintheposteroventralhypothalamusofcontrolandLhx2mutantbrains(M,N).O,ThemolecularpatterningoftheLhx2null mutant vesicle (red oval) is compared with wild-type optic structures (green oval) in a Venn diagram. Genes common to both control and mutant structures are in the overlapping yellow region. Genes seen only in the mutant, but not in the control optic structures, are further divided into the pink oval, which contains genes expressed by the wild-type thalamic eminence, and orange oval, which contains genes shared by the anterodorsal hypothalamus. Arrowhead, Lhx2 mutant vesicle; open arrow, control optic cup. Scale bar, 300 m. Multiple roles of LHX2 in optic development. A summary of the temporally dynamic roles of LHX2 in optic development. The x-axis represents the timing of Lhx2 deletion: from E0.0 (standard knock-out), or conditionally using tamoxifen-inducible CreER from E8.25/E8.75/E9.25, or using the retina-specific Chx10-Cre, which acts from E11.5. a, The position of the mutant vesicle is ectopic,intermediate,ornormaldependingonthetimingofLhx2deletion.b,Theopticvesiclearrests without forming an optic cup if Lhx2 is deleted before or at E8.75. c, Late optic markers, including retinal pigmented epithelium, are seen if LHX2 function is allowed to persist upto E9.25 d, However, LHX2 is continuously required to suppress alternate tissue fates even after the retina has formed, and its deletion at all stages examined causes aberrant marker expression in the optic structures.
